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Abstract 
In the recent years due to the advances on the analytic chemistry the pharmaceuticals 
and personal care products (PPCPs) in the environment became detectable even in low 
concentrations. Their presence in the environment is not only a big environmental 
concern but a health threat due to their recalcitrance, accumulation and effect on the 
living organisms. Thus, it is necessary to develop a new method to prevent their 
entrance into the environment. 
The aim of this work was to remove antibiotics from wastewater with advanced 
oxidation processes (AOPs). Different AOPs were investigated as well of the optimal 
operation conditions for the electro-Fenton process. Finally, the oxidation mechanism 
was also investigated. 
This paper is composed by six chapters. 
Chapter 1: It is the general introduction of the present work, including the background 
17 
The well of the removal options. as of the pharmaceuticals in the environment 
justification and the objectives of this study are given. 
Chapter 1: This is the literature review of the incidence of the PPCPs in the wastewater 
and (CLX) cefalexin antibiotics: investigated two the of importance the also 
sulfamethoxazole (SMX) is explained. Moreover an outlook of the current situation of 
various wastewater treatments to remove the PPCPs is given. 
Chapter 11: In this chapter the comparative degradation behavior of cefalexin (CLX) 
using three different Advanced Oxidation Processes with the aim of improving CLX 
biodegradability was studied. 
with electro-generated (AO) , AO oxidation anodic RU02/Ti were used The AOPs 
hydrogen peroxide (AO・EH202) and electro-Fenton (EF) processes for 8h, among them 
the EF process was the most effective. In the EF process the cathode was an activated 
carbon fiber (ACF). The degradation of CLX was analyzed by HPLC, and the removals 
were as 21% and 54% for the AO and AO・EH202
processes respectively, while in the EF process 
after 4.5h cefalexin was undetectable. Also the 
was BOD5/COD biodegradability, final 
were 
found as 0.015 for AO , 0.038 for AO・EH202 and 
0.26 for EF. 
catalyst including variables, ? ??? ??
・'iDifferent 
concentration, the pH, and the current density 
were evaluated to find the optimal conditions for 
the EF. They were identified as 1mM of Fe2+ as 
the catalyst, a pH of 3.00 and a current density 
of 6.66 mA/cm2. 
Further, as shown in Fig. 1. the biodegradability 
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and BOD5/COD the by evaluated 
6 
Fig.l COO conc. and CLX conc. by HPLC for 24h of EF 
proce55 (b) The four 5tage5 of CLX intermediate5 
evolution along 24h (c) Biodegradability change in 
term5 of B005/COO and B0014/COO along the 24h of 
the EF pro偲55
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was no cefalexin the COD was reduced almost to the half and the biodegradability 
remained low. However, as the process continued it was found that the biodegradability 
kept enhancing to point where the EF process could be switched to a biological one. 
Chapter IV: This chapter was focused on the optimal conditions to use the Activated 
Carbon felt (ACF) cathode and the catalyst action of different metal ions. 
Since the selected cathode was an ACF, the optimal conditions for its saturation with 
cefalexin were investigated as well of the variations of the ACF surface before, during 
and after the EF process were analyzed in order to know the influence of such 
conditions over the efficiency of the EF process. The images are depicted in Fig. 2. The 
ACF was selected as the cathode material due to the high physical and chemical 
stability, high electrical conductivity and low cost. 
The ACF must be saturated before the experiment to assure that the decrease in 
cefalexin concentration is due to the oxidation process rather than the adsorption 
process. The optimal saturation conditions were found to be pH of 3.00, performed for 
three times for 12h each time. According to the SEM images taken after the saturation, 
there were some cefalexin layers on the surface and surface appeared homogenous as 
shown in Fig. 2. The SEM and the SEM-EDX taken after using the same cathode 10 
EF processes indicate some holes and iron deposition on the surface, which explain the 
decrement in the efficiency when if the same ACF cathode was used over more than 10 
times. 
SEM image of the ACF before 
saturation 
SEM image of the ACF after 
saturation with CL.X 
Fig_ 2 Images of the ACF cathode sur白血
The electro-Fenton reaction can be catalyzed by different transition metals with any 
appropiate homogenous redox couple M(n+l) / Mn+ according to the equation (Eq.l) 
H202 + Mn+ • M (n+1) + OH-+・OH Eq.l 
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In this study, the impact of the use of different transition metals used as the catalyst 
was investigated. The highest removal was found with C03+/C02+, which had a removal 
of 81 %, and the next efficient catalyst was the Cu2+/Cu+ with 60% removal, and the 
redox couples Fe3+/Fe2+ and the Mn3+lMn2+, had similar removals of 49% and 40% 
respectively. The inorganic byproducts were measured in terms of NH4+, N02. and N03. 
ions. The accumulation ofNH4+ was as 8.0, 7.4, 7.0 and 6.3 mglL for CO+2, Fe+2, Cu+2 and 
Mn+2 ions respectively. While the accumulation of N02. was negligible , the N03. levels 
were 0.017, 0.06, 0.035 and 0.013 mg/L for CO+2, Fe+2, Cu+2 and Mn+2 ions respectively. 
The accumulation of the inorganic byproducts suggests different oxidation pathway for 
each catalyst. 
Chapter V: In this chapter, the oxidation of the antibiotic sulfamethoxazole carried out 
by different AOPs is explained and the oxidation mechanism was elucidated. 
Sulfamethoxazole is one of the most consumed antibiotics in human and veterinary 
medicine. Since it has been found in different water bodies its removal is of a great 
interest. In this work sulfamethoxazole was oxidized by different AOPs some of them 
photo-assisted with UV-light. All the experiments were performed under the same 
operational conditions a current density of 0.36 A, a pH of 3.00, and 1.0 mM of Fe2+ as 
the catalyst for 6 hours. The following results were found: 25%, 28%, 36%, 63% and 80% 
for AO, AO・EH202， AO・EH202-uv, EF and PEF respectively. The oxidation efficiency 
was higher when the reaction was irradiated by UV-light for two reasons: the 
photo-reduction of Fe(OH)2+, and the photolysis of ferric complexes generated with 
carboxylic acids.. The completely mineralization of the sulfamethoxazole was shown to 
be possible after 6h of the PEF process. In order to determine the mechanism of the 
SMX oxidation the formed byproducts were identified by LC-MS and HPLC analysis. 
The final byproducts were mostly oxalic and oxaminic acids, both of them in lower 
concentration for the PEF. 
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Chapter VI: In this chapter the general conclusions are given for the electrochemical 
oxidation of different antibiotics by AOPs. 
According to the results indicated above, the AOPs can be considered an available 
option for the oxidation of bio-recalcitrant compounds such as the antibiotics cefalexin 
and sulfamthoxazole contained in wastewater. 
The optimal conditions, such as current density, pH, and catalyst concentration as well 
of the reaction time were identified. The cathode electrode spam life was also assessed 
and the changes to the ACF cathode were analyzed. Finally, some recommendations are 
given for a further investigation. 
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論文審査結果の要旨
近年，水環境中における医薬品類 (PPCPs) の検出が注目を集めるようになった。医薬品類は低濃度で生体の特定
の生島調整機能に作用するように製造されているため，水生生物への生態的影響，人の健康への影響，薬剤耐性菌
の発生，下水処理場微生物への影響などが懸念され，その分解除去が重要な課題となっている。特に抗生物質の多
くは難先明朝生であり，通常の排水処理方法ではほとんど分解できないので，新しい技術の開発が必要である。本論
文は，抗生物質を効率よく分解する排水処理技術を開発することを目的として，様々な電気化学促進酸化法および
その影響因子と処理効果について検討を行ったもので， 全文が 6 章からなる。
第 1 章は総論であり，医薬品類に起因する水環境汚染問題を提起し，本研究の意義と目的について説明している。
第2 章「文献レビュー」では，水環境およて瑚ド水処理における医薬品の問題を取り上げ，特に重要な抗生物質とし
てセファレキシン(Cefalexin) とスルファメトキサゾール (Sl\1X: Sulfamethoxazole) の状況をまとめた。そし
て促進酸化技術の研究進展についてレピ、ューし，抗生物質に対応する排水処理の技術課題について整理した。
第 3 章「電気フェントン酸化法によるセフアレキシンの生分僻怯促進J では，まず3種類の酸化技術によるセファ
レキシンの酸化分解効率を比較することで，醐維状活性炭電極を用いた電気フェントン酸化法 (EF 法)が最も効
率的であることを明らかにした。次に，実験を通してこの電気フェントン酸化のための最適条件はpH が 3.0，電車
密度が 6.66mA/cm2および、Fe2+濃度が lmMであることを特定しにそれから，同事直酸化条件におけるセファレ
キシンの酸化分解および中間産物の発生と生分解性の変化に及ぼす同志時間の影響を定量的に検討し，その酸化プ
ロセスがセファレキシンの酸化分解に伴う中間産物の生成，セファレキシンの完全消失後の中間産物のさらなる酸
化に伴う生分解性の向上など数段階に分けられることを解明したとともに，生分解性改善のために必要な反応時間
を把握した。これらの知見は，電気フェントン酸化法の応用設計に基礎的データを提供するものである。
第 4 章「電気フェントン酸化における電極および金属触媒の変イ七」では，まず電気フェントン酸化における電極材
料の表面変化を解析してその耐用性能を把握した。また反応促進の金属触媒として Fe2+の他に， Mn2+, Cu2+およ
び、co2+をテストし， co2+による促進効果が最も高いことを明らかにした。これは有用な知見である。
第 5 章「繊維状活性炭電極およびuv照射を用いたフォト電気フェントン酸化によるスルファメトキサゾールの無
機化」では，電気フェントン酸化とフォト電気フェントン酸化を含む5種類の促進酸化方法の効率を比較し，フォ
ト電気フェントン酸化法の効率が最も高し、ことを明らかにした。またフォト電気フェントン酸化法を用いることに
よって約 6 時間で Sl\1Xを完全に分解して無機化できることをf目差したとともに，その分解経路も解明した。これ
らは重要な新しい知見である。
第6章「総括j では，本論文の主な成果を総括し，その応用展望を述べている。
以上のように，本論文は，排水中の抗生物質を酸化分解する技術として，ます電気フェントン酸化法の有用性を実
証し，それからその電気フェントン酸化法の改善方法として電極およ胡蝶の改良効果針醸したとともに，紫外
線照射との組み合わせによる効果も明らかにし丸そして，促進酸化による物質変換と後続生物処理との組み合わ
せによる新しいシステムを提案し，実験を通してその可能性を言刊面した。これらの研究成果は抗生物質の制御に活
用でき，環掛ヰ学と梯貯の発展に寄与するところが少なくなし、
よって，本論文同専士(環開ヰ学)の学位論文として合格と認める。
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